Objective: To evaluate the influence of body composition on bone mass in children and adolescents. Methods: A cross-sectional study with 267 healthy students of both sexes (141 males and 126 females) aged 8 to 18 years. Weight, height, body mass index, lean mass, fat mass, fat mass index, body fat percentage, waist and hip circumferences, and waist-to-hip ratio were evaluated. Bone mass was assessed using ultrasound of hand phalanges (DBM Sonic BP -IGEA, Carpi, Italy). Results: Females showed greater bone mass in relation to males with advances in age and pubertal stage. In both sexes, the bone mass showed significant and positive correlations with age, weight, height, body mass index, lean mass, waist and hip circumferences; and negative correlations with waist-to-hip ratio. In females, there was also a positive correlation with fat mass, fat mass index, and body fat percentage. Age and lean mass were predictors for bone mass in males, and age, pubertal stage and fat mass index were predictors in females.
INTRODUCTION
The assessment of body composition in children and adolescents is of great importance, as it expresses the life and health status of the population and its influence on the morbimortality risks. The incidence of obesity has been increasing steadily around the world and can be currently considered a major public health problem 1 . Childhood has been identified as a critical period for the development of obesity 2, 3 . In contrast to such consequences, studies have suggested that obesity seems to be a protective factor against risk of fractures and osteoporosis 4 , given that obese individuals have greater bone mass compared with normal weight individuals 5 . In theory, the greater bone mass in obese individuals may be a consequence of increased body weight.
The actual contribution of fat mass to bone mass remains controversial. Arabi et al. 6 carried out a cross-sectional study conducted with 363 school children aged 10 to 17 years and observed that the lean and fat masses were predictors of bone mass in boys and girls.
It was observed that bone mass assessment in children and adolescents is important not only for the development of intervention programs, but mainly because the accumulation of bone mass during the growth phase plays an important factor in preventing osteoporosis in the adult phase 7 . Studies leading to a better understanding of this question are of great interest for the scientific community, especially considering that the contribution of body composition to bone mass is not yet fully understood.
Hence, the purpose of this study was to evaluate the influence of body composition on bone mass in children and adolescents.
METHODS
This is cross-sectional study carried out with school children of both sexes, aged 8 to 18 years, enrolled in a public school in the city of Francisco Morato, located in the north-northeast region of the state of São Paulo, Brazil. The study was approved by the Ethics Committee of Faculdade de Ciências Médicas of Universidade Estadual de Campinas (protocol # 504/2009) and informed written consent was given by the school direction and by the students' parents and/or tutors.
All students enrolled in the school in the year 2009 were included. Exclusion criteria were the presence of physical disability (permanent or temporary) that would prevent assessments, use of drugs that could interfere with body composition or bone mass, non-compliance by parents or students, or non-attendance at the evaluation. The sample consisted of 267 students (males = 141 or 52.8% and females = 126 or 47.2%).
The chronological ages were established by calculating decimal age, having as reference the date of birth and of data collection, adopting decimal intervals between 0.50 to 0.49 according to Eveleth and Tanner 8 , i.e., for a child to be included in the age group of eight years, he or she would have to be a centesimal age of 7.50 to 8.49 years at the time of data collection. Based on this data, all students were divided into groups of 8 to 10 years, 11 to 13 years, 14 to 16 years and 17 to 18 years.
The economic profile was verified according to criteria suggested by the Brazilian Association of Research Companies 9 , and all students belonged to socioeconomic classes C (28.5%), D (58.8%) or E (12.7%).
All measurements were performed according to standard techniques 10 . Weight was measured (in kilograms) using a portable digital scale with a 0.1 kg precision. Height was measured (in centimeters) using a vertical stadiometer with a 0.1 cm precision. Based on these measurements, body mass index (BMI) was obtained by dividing weight (in kilograms) by height (in meters) squared.
The skinfold thickness in the tricipital (TRI) and subscapularis (SBS) regions were measured on the right side of the body, by a single previously trained experienced examiner, using an adipometer (Holtain Tanner-Whitehouse Skinfold Caliper, UK) with a 0.2 mm precision. Based on the sum of skinfold thickness of the TRI and SBS regions, we used the equations of Slaughter et al. 11 to calculate the percentage of body fat (%BF). Based on these data, the fat mass (FM) was obtained by multiplying the %BF content by weight and the fat mass index (FMI) was obtained by dividing the FM by the height squared. The lean mass (LM) was obtained by subtracting the weight by the fat mass.
Waist circumference (WC) was measured using a metallic measuring tape with a precision of 0.1 cm, by measuring around the waist at the narrowest part of the trunk, between the last rib and the iliac crest, with the subjects in the standing position after a normal expiration. Hip circumference (HC) was measured with subjects in the standing position, using a metallic measuring tape with a precision of 0.1 cm, by measuring around the maximum posterior extension of the buttocks. The waist-to-hip ratio (WHR) was then calculated using these measures, by dividing the WC by HC.
Bone mass (Amplitude Dependent Speed of Sound, AD-SoS) was evaluated using the third generation of the DBM Sonic BP device (IGEA, Carpi, Italy). The technique is based on transmission of ultrasound signals using a compass that attaches two transducers, one acting as transmitter and another as receiver of ultrasound, 12 mm in diameter, with a precision of ± 0.02 mm. The compass was placed on the distal metaphysis of each of the last four proximal phalanges (II-V) in the non-dominant hand of the patient, of which acoustic coupling was performed using standard ultrasound gel. The transducer emits a sound wave of 1.25 MHz that runs through the elements that constitute bone tissue, while the other transducer receives the signal and evaluates the speed of sound propagation through the phalanx.
The AD-SoS is obtained automatically and represents 96 acquisitions of ultrasound velocity measurements (m/s), ranging from 1650 to 2250 m/s. The AD-SoS assesses the speed of ultrasound (m/s), which, by transmission, scans the trabeculae of bone tissue in the four proximal phalanges 12 .
The stage of sexual maturation was evaluated by selfassessment 13 , with the help of boards with specific pictures for each sex according to the stage of breast development (M1-5) for girls 14 and genitals (G1-5) for boys 15 , classified as prepubertal (stage I), intrapubertal (stages II and III) and pubertal (stages IV and V). Menarche was assessed by asking the girls whether it had occurred and when. All the girls that had had menarche were included in the pubertal group (stage IV or V).
Data storage and statistical analysis were performed using the SPSS (Statistical Package for Social Sciences, Inc., Chicago, IL, USA) software, release 16.0. The data were processed using descriptive procedures, and mean, median, standard deviation, minimum and maximum values were calculated. Data distribution was verified regarding normality using the Kolmogorov-Smirnov test. For variables with normal distribution, data were presented as mean and standard deviation, and for variables with nonnormal distribution, as median, minimum and maximum values. The Mann-Whitney test was used to compare differences between the sexes. Spearman's correlation test was used to verify the correlations between bone measurement data and anthropometric variables and body composition.
Step-by-step multivariate linear regression analysis was used to determine the possible effects of each independent variable (age, weight, height, BMI, LM, FM, FMI, %BF, WC, HC, WHR and pubertal stage) on the dependent one (AD-SoS). The results were considered statistically significant at p < 0.05.
RESULTS
The results of body composition by age, sex and pubertal stage are shown in Table 1 and the bone mass results (in AD-SoS) in Table 2 .
It was observed that 57 (45.2%) girls had had menarche, with age ranging from 9.9 to 14.6 years (12.2 ± 1.1 years).
Spearman's linear correlation coefficients demonstrated that in both sexes, AD-SoS showed significant positive correlations with age, weight, height, BMI, LM, WC, HC and a significant negative correlation with WHR. Only in girls, the AD-SoS showed significant positive correlations with FM, FMI and %BF (Table 3 ).
The step-by-step multivariate linear regression analysis showed that the most important variables as independent predictors of AD-SoS were age and lean mass, with a coefficient of determination (R 2 ) of 0.348 in boys and age, pubertal stage and FMI with a coefficient of determination (R 2 ) of 0.588 in girls (Table 3) .
DISCUSSION
The present study observed, with age increase, higher values of weight, height, LM, WC and WHR for boys in relation to girls and FM, FMI, %BF and HC for girls in relation to boys. In general, these were consistent with other studies and these gender differences can be explained by sexual dimorphism. The differences between the sexes occur in response to genetic determinants, hormonal and environmental influences, acting since the prenatal period and showing variability in their progression at the time of puberty 16 . Gültekin et al. 17 , in a cross-sectional study that evaluated 332 boys and 269 girls from Turkey aged 8 to 11 years, showed clear evidence of sexual dimorphism in the body fat pattern; girls showed greater body fat content. In the present study, the anthropometric and body composition variables followed an expected result according to pubertal stage progression. Higher LM value in boys was observed in the pre-pubertal group, when compared with girls. A higher WHR was observed in boys in the intrapubertal group when compared to girls, but the latter had higher values of FM, FMI, %BF and HC in relation to boys.
Boys in the pubertal group had higher height and LM values when compared to girls, but the latter had higher BMI, FM, FMI, %BF and HC values in relation to boys.
These results can be explained by the natural process of pubertal development, as the growth spurt occurs during puberty, as well as changes in body composition. During the growth and development of children, the content, proportion and distribution of body fat may change with age, especially in the pre-and post-adolescence phase, when girls continue to present an increase in fat mass 18 . In the present study, the bone mass showed the expected increase for age and pubertal stage. It was observed that girls in general and those at the intrapubertal and pubertal stages had greater bone mass than boys, corroborating data from cross-sectional 19, 20 and longitudinal studies [21] [22] [23] . Adolescence is a critical period for bone mineralization and bone mass acquisition during the pubertal phase has a strong association with Tanner stages 24 . Studies have shown that bone mass is greater in girls when compared with boys until late adolescence 25 , but these differences may disappear with growth velocity and pubertal development 26 . In this study, the differences between boys and girls persisted both in the intrapubertal and pubertal groups.
Rocher et al. 27 in a cross-sectional study that evaluated 20 obese children and 23 controls of both sexes aged 9 to 12 years, demonstrated that bone mass in prepubertal children was not affected by obesity. Based on these findings the authors suggest that perhaps obesity does not exert a protective effect on bones.
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Our findings demonstrated that in both sexes, AD-SoS showed significant positive correlations with age, weight, height, BMI, LM, WC, HC and a significant negative correlation with WHR, but only in girls the AD-SoS showed significant positive correlations with FM, FMI and %BF.
The AD-SoS was associated with the anthropometric and body composition variables. Considering that, it might be possible to confirm that the AD-SoS can provide accurate information on bone mass accumulation and microarchitectural alterations with the growth process, as suggested by some studies 28 .
Based on the literature, it can be observed that there is inconsistency in the results of studies investigating the influence of body fat on bone mass among different populations. Wosje et al. 29 , in order to verify the association between fat mass and bone mass gain, and the role of physical activity, assessed 214 children aged 3.5 to 7 years and demonstrated that fat mass was associated with bone mass and time spent watching TV was associated with lower gains in bone mass. Lippo et al. 30 , in a case-control study, showed that female adolescents are at greater risk for physical inactivity, and spend more time watching TV. In view of that, physical inactivity may contribute to increased adiposity. The present study demonstrated, in this group of students, that age and lean mass were independent predictors of AD-SoS for boys, and age, pubertal stage and FMI were independent predictors of AD-SoS for girls. This finding demonstrates that the independent variables age and lean mass can explain 34.8% of the variability in AD-SoS in boys, and that age, pubertal stage and FMI can explain 58.8% of the variability in AD-SoS in girls.
Some limiting factors can be mentioned in this study, such as not comparing ultrasound data with other methods such as DXA, not assessing the intake of specific nutrients for the acquisition of bone mass such as calcium and vitamin D and not assessing the level of physical activity. Although the physiological basis for explaining the association between weight, body fat distribution and bone mass remains uncertain, particularly when considering different population groups, the data from this study open perspectives to the influence of peri-and intrapubertal body composition, as we clearly observe more LM in the male sex and more FM in the female sex. 
CONCLUSION
It was concluded in this study with children and adolescents that there was a correlation between bone mass and body composition, with LM being a predictor of bone mass in boys and FMI in girls.
